Purpose: To study the subjective differences in facial esthetics evaluations and the ability to distinguish facial changes due to changes in lip support, when evaluated by patients themselves. An additional objective was to study the differences between patients' self-evaluation versus evaluation of other patients. Materials and Methods: A total of 22 maxillary edentulous patients from the original sample of 31 patients described in Part 1 of the study, returned to participate in this part of the study. The 22 patients acted as judges for all images in this study, and were therefore un-blinded to the objectives and details of the study. Patients first completed evaluation of facial esthetics on a visual analog scale (VAS). Four digital images per patient (total of 88 images) were evaluated in a random order, twice by all 22 patients. The mean scores from all judgments were used as the outcomes to be analyzed. All patients then took a discriminatory sensory analysis test (triangle test) where they were required to correctly identify the image with a flangeless denture out of a set of 3 images. Both the VAS and triangle test ratings were conducted twice in a random order, and mean ratings were used for all analyses. Results: For VAS analysis, there were no statistically significant or clinically significant differences in facial esthetics ratings between flange and flangeless dentures (p < 0.05). This was true for both profile and frontal images, irrespective of selfevaluation versus evaluation of other patients, years of patient edentulism, and judge (patient) gender. For the triangle test, frontal images had a correct identification rate of 50.2% and profile images of 50.4%, and the difference was not significant. There were no significant differences in triangle test results with respect to self-evaluation versus evaluation of other patients and judge (patient) gender. For all patients, the likelihood of correctly identifying images with flangeless dentures was significantly greater than 1/3, which was the minimum chance for correct identification (p < 0.0001). Conclusions: Flangeless dentures resulted in no differences in facial esthetics ratings for frontal and profile images, when evaluated by patients. When patients were forced to look for differences, flangeless dentures were detected in half of the image sets. These findings were similar for self-evaluation versus evaluation of other patients and for both patient genders.
In restoring edentulous maxillae, clinicians can choose various options based on patients' desires, finances, and available bone volume. 1 Treatment options such as complete arch fixed implant-supported prostheses (fixed complete dentures), which do not require a labial flange, are significantly more expensive than complete dentures or overdentures that require labial flanges. 1, 2 Failure to accurately diagnose, educate, or satisfy a patient's expectations for lip support and facial esthetics with a complete arch fixed implant-supported prosthesis can result in an expensive failure in treatment. 3 It is important to recognize the differences in patient expectations between the already edentulous patient (short-and long-term) and the terminal dentition patient planned for edentulism. The short-or long-term edentulous patient wearing a complete denture may have accepted, or may be comfortable with, the lip support and facial esthetics contributed by the labial flange. 1 Some of these patients may perceive the absence of the labial flange in a complete-arch fixed implant supported prosthesis as a "compromise" in lip support. 1 It is also important to educate such patients that depending upon maxillary atrophy or clinical bone reduction for prosthetic space, the gingival aspect of a maxillary fixed implant-supported prosthesis may occupy the space in the labial vestibule formerly held by the labial flange, and contribute to lip support. Conversely, terminal dentition patients planned for extractions and immediately loaded fixed prostheses do not have a "reference point" related to the labial flange, and may be less affected by changes in lip support, as long as the prosthetic teeth are appropriately positioned. 3 Lip support is a highly subjective diagnostic element, and its reality and perception are affected by several factors such as: (1) maxillary anterior tooth positions, 4 (2) cervical edge contours, 4,5 (3) amount of alveolar ridge resorption, 6 (4) muscle tone and thickness of the lips related to age, gender, and race, 1 (5) length of the nose, 3,5 6) morphology of the cartilaginous part of the lower nose, nasal septum, and anterior nasal spine, 1,3 (7) angulation of the nasal tip and naso-labial angle, 1,3 (8) projection of the chin, 1, 5 and (9) facial hair including mustache and beard in men. 1, 3 When treatment planning implant-supported prostheses, it is important that the clinician communicates and educates the patient about these factors at the diagnostic stage, which can aid in deciding the optimal lip support and appropriate type of prosthetic rehabilitation. Once patients are educated, they may or may not be willing to accept the changes in facial appearance and esthetics. 7 Therefore, whenever possible, edentulous patients should be provided an opportunity to preview their changes with a flangeless denture before obtaining their approval. 1, 7 Measurement of esthetic outcomes in dentistry has undergone significant changes in the past few decades, due to the importance of dental appearance in modern society. 8 As presented in part 2 of this study, 9 previous literature has shown that dentists and patients do not share the same esthetic threshold when assessing dental and facial esthetics. [10] [11] [12] [13] An important aspect in the evaluation of esthetic outcome of dental treatment is the subjectivity of each evaluator. [10] [11] [12] [13] [14] Additionally, an important aspect of esthetic evaluation that has not been researched in the dental literature is the patient's subjective evaluation of themselves or other patients. Edentulous patients are a distinct cohort compared to lay people, because they may be more wary and critical when evaluating treatment outcomes compared to laypeople, who are either not edentulous or not in the process of getting any dental treatment. Furthermore, the evaluation of esthetic outcomes of edentulous patients by other edentulous patients has also not been described previously. It would be helpful to know if edentulous patients can detect and distinguish changes in lip support among other patients and themselves.
Therefore, the purpose of this study was to investigate patients' subjective differences in facial esthetics and the ability to distinguish facial changes related to changes in lip support due to flangeless dentures. An additional objective was to study the differences between patients' self-evaluation versus evaluation of other patients. 
Materials and methods
This study was approved by the University Institutional Review Board (IRB-12-200-2), and a detailed explanation of the materials and methods for recruitment of all patients, fabrication of flangeless dentures, and digital photography methods are described in part 1 of this study. 15 Out of the 31 recruited patients, 22 returned to participate in this part of the study to evaluate all images. Therefore, for all purposes of the study, patients were considered as "judges." A total of 88 images (2 frontal and 2 profile images per subject) were used to present to the patients for visual analog scale (VAS) testing.
Similar to part 2 and part 3 of the study, each of the 88 digital photographs was saved in a joint photographic expert group (JPEG) format. Using a digital photography editing software program (Adobe Photoshop CS5; Adobe Systems, San Jose, CA), the full-face frontal and profile images were standardized. All photos were cropped to a standard size and evaluated for consistency in head position and picture quality before incorporating them into a digital slide presentation program (Microsoft PowerPoint 2010; Microsoft, Redmond, WA). 16 All patients were required to evaluate all images twice. Therefore, two slideshows were created, with trial 1 comprising 88 slides in a randomized sequence and trial 2 comprising the same 88 slides in a different randomized sequence (Figs 1 and 2 ).
For the first component of this study, patients were presented with a printed copy of the VAS instrument. Each printout had 88 individual 100 mm VAS instruments corresponding to the order of images and anchored on the left as least esthetic and on the right as most esthetic. Patients were asked the specific question: "On a scale of 0 to 100, how do you rate the facial esthetics of this image?" and were asked to draw a line on the scale according to their rating of facial esthetics. Patients were allotted 5 seconds for each slide containing an image (frontal or profile in random order) before automatically transitioning to the next slide. All VAS ratings were measured using a 100 mm ruler rounded to the closest 0.5 mm mark and documented in a spreadsheet (Microsoft Excel 2010; Microsoft) for further analysis.
For the second component of this study, a triangle test 17, 18 was used to determine the ability of the patients to correctly identify images with flangeless dentures. Digital images of the same 22 patients were presented in the form of a slide show (44 slides). Each slide contained either three facial images or three profile images of the same subject (Figs 3 and 4). Among these three images, one was a flangeless denture, and the remaining two images were with a labial flange. It was clearly explained to patients that each slide contained images of the same subject and that only one image in each slide was a flangeless denture. The order of the "odd image" (flangeless denture) was randomized across each slide using a block randomization method. 19 In addition to block randomization, the order of slides was randomized such that facial and profile images of the same subject were not presented in a sequence subsequent to one another to avoid the possibility of a recollection bias. Patients were allotted 10 seconds for each slide before automatically transitioning to the next slide in order to provide maximum opportunity for assessment. Each slide show (44 slides) was viewed two times (trial 1 and 2) by each judge in a different randomized order. Patients were asked the specific question for each slide: "Of the three images, which image is the odd one out?" All data for the triangle tests were documented and analyzed for percent correct of total answers.
A repeat measures general linear mixed modeling analysis (GLMM) was performed using MIXED procedure in a statistical package software (SAS v9.3; Charlotte, NC). 16 All computed means and standard deviations for each measure were reported, and mean scores from all the patients were used as the outcome. For VAS analysis, the data were evaluated using a linear mixed effects model to compare the ratings between flange versus flangeless dentures, frontal versus profile images, self-evaluation versus evaluation of other patients, and finally, males versus females. For triangle test analysis, a dichotomous measure of correct answer was used as outcome variable. A GLMM using residual pseudo-likelihood method in GLIM-MIX procedure in SAS was used with a logistic link function. The model included self-valuation as a predictor variable, controlling for patient and judge random effects. Additionally, an independent one-sample t-test was used to test if the chance of correctly identifying images with flangeless denture was significantly different from 1/3, (the minimum chance for correct identification), using mean correct identification rates calculated within subjects. An alpha value of 0.05 was chosen to represent statistical significance for any differences observed, and a clinically significant difference was predefined as a difference of over 10 mm on the VAS instrument, similar to parts 2 and 3 of the study.
Results
The mean age of all 22 patients (judges) was 67.6 years (range: 43-84) Of these, 14 were female and 8 were male, 18 were white, 3 were black, and 1 was of Hispanic origin. There were 15 short-term (<5 years) edentulous and 7 long-term edentulous (>5 years) patients. For the VAS analysis, the 22 patients rated a total of 176 images obtained from the same 22 patients. The consistency of the measurements between first and second trial for each variable was found to be reliable using the Pearson correlation coefficient. Therefore, an average of the two readings was taken. The VAS ratings were averaged within subjects before calculating mean, standard deviation, and standard error. The mean ratings for facial esthetics across all 22 patients showed a slightly lower rating for flangeless dentures compared to dentures with flange ( Table 1 ). The highest rating for facial esthetics was noted for frontal images with a labial flange, and the lowest rating in facial esthetics was noted for profile images without a flange. The overall VAS facial esthetics ratings showed no statistically significant difference between flange and flangeless dentures for both frontal and profile images (Table 2) . Additionally, the magnitude of this difference was too small on a 100 mm VAS instrument to be clinically significant or meaningful. The differences in VAS ratings when analyzed based on frontal versus profile images, self-evaluation versus evaluation of other patients, short-term (<5 years) versus longterm (>5 years) edentulous patients, and gender of the patients were all statistically and clinically insignificant. For triangle test measurements, the measurements between first and second trial for each variable showed high consistency. The Pearson correlation coefficient of mean correct identification rates (averaged within subjects) between trials was 0.75. Overall, patients were able to correctly identify the image with a flangeless denture in each set, in 50.2% of frontal images and 50.4% of profile images, and the difference between frontal and profile images were not significant (Table 3 ). There were no significant differences in triangle test results with respect to self-evaluation versus evaluation of other patients, and patient gender. For all patients, the likelihood of correctly identifying images with flangeless dentures was significantly greater than 1/3, which was the minimum chance for correct identification (p < 0.0001). When comparing short-term (<5 years) versus long-term (>5 years) edentulous patients, for frontal images, short-term edentulous patients correctly identified 53.6% of images compared to 43.1% by long-term edentulous patients, and this difference was statistically significant. For profile images, short-term edentulous patients correctly identified 46.6% of images compared to 38.4% by long-term edentulous patients and this difference was marginally significant (Table 4) .
Discussion
The purpose of this study was to investigate the subjective differences in facial esthetics, the ability to distinguish facial changes, and to study the differences between self-evaluation versus evaluation of other patients due to changes in lip support. The overall results indicated no significant differences in VAS ratings of facial esthetics ratings irrespective of any variable studied. These finding suggest that patients cannot easily distinguish differences in lip support and facial esthetics due to absence of labial flanges. Similar to part 3 of the study, 14 we decided to incorporate the additional triangle test for sensory discrimination analysis. It can be argued that the triangle test was superfluous and unnecessary, as it does not lend itself to clinical reality where patients' treatments are not judged by observers against any contrast (besides memory); however, we conducted this test to investigate the bounds of differentiation between flange and flangeless dentures when evaluated by patients. Our results showed that even when patients were forced to look for differences, they were able to correctly identify the image of flangeless dentures in only 50% of the images (frontal and profile). This finding was similar to the correct identification rate of lay people described in part 3 of the study, indicating that the ability to distinguish lip support changes are quite similar among patients and laypeople. These are important findings for clinical practice where clinicians can be reassured that edentulous patients and their family/social partners (laypeople) may be alike in discriminating differences in lip support related to maxillary complete arch fixed implant-supported prostheses. Additionally, it appears that short-term edentulous patients are more discriminative than long-term edentulous patients either due to age, or they may be less accustomed to the "denture look," but further research is necessary.
Though this is the first study on patient-centered analysis on lip support and facial esthetics assessments, some limitations still exist. First, the sample size of 22 was small and was based on the number of patients who returned to complete their analysis; however, the sample size of 22 in each group (flange versus flangeless) was computed to have 99% power to detect a mean difference of 10 mm in VAS ratings, assuming that the common standard deviation is 5 using a two-group ttest with an alpha of 0.05 set for significance. Second, the age and demographics of the patients were somewhat homogenous because of the geographical limitations of the study. These findings may not be applicable to younger cohorts until validated by further research. Third, as discussed in parts 2 and 3 of the study, the use of a VAS instrument for ratings has inherent limitations related to mental fatigue and compliance. [20] [21] [22] However, this scale has been used in numerous studies in dental and socio-psychological literature. 23, 24 Finally, as described in detail in part 3 of the study, use of the triangle test employed images of the same subject side-by-side, which would never represent realistic assessments made within a clinical environment.
Part 1 (objective analysis) of this 4-part project showed clinically insignificant anatomic differences in lip support between flange and flangeless dentures, when analyzed in frontal and profile images. Part 2 (blinded subjective analysis) and part 3 (un-blinded and discriminatory subjective analysis) showed minimal and clinically insignificant differences in evaluations between flange and flangeless dentures, for both true outcome (facial esthetics) and surrogate outcome (lip support). This study augments the previous findings, because the patients' un-blinded facial esthetic evaluations (of themselves and other patients) for frontal and profile images showed no differences between flange and flangeless dentures. Additionally, flangeless dentures may be used as an adjunctive diagnostic aid to obtain patient approval for lip support and facial esthetics during treatment for a maxillary complete arch fixed implant-supported prosthesis. All of the findings from this 4-part project weaken the historic and widely held belief that a labial flange is necessary to improve lip support and enhance facial esthetics in maxillary edentulous patients. Further research on a larger and diverse sample size of judges and patients is needed to confirm the findings provided in this baseline study.
